Beginning August 2017, we conducted a prospective case-control investigation in Monterrey, Mexico to assess the association between Zika virus (ZIKV) and Guillain-Barré syndrome (GBS).
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Introduction
Guillain-Barré syndrome (GBS) is an acute inflammatory immune-mediated polyradiculoneuropathy presenting classically with ascending progressive weakness, sensory changes, and hyporeflexia [1] . It is the most common cause of acute flaccid paralysis worldwide [1, 2] . GBS is usually precipitated by a preceding infection or other antigenic stimuli [3] . One of the pathophysiological mechanisms linked to GBS is molecular mimicry, as some pathogens may have antigens similar to peripheral nerve myelin and/or axonal epitopes [1, 2, 4] . The most commonly identified triggering agents are Campylobacter jejuni, cytomegalovirus, Epstein-Barr virus, and Mycoplasma pneumoniae [1, 2, 4] .
Arthropod-borne viruses (arboviruses) such as Zika virus (ZIKV), dengue virus (DENV) and chikungunya virus (CHIKV) have become an increasingly important global health threat. DENV and ZIKV are arboviruses belonging to the Flavivirus genus of the Flaviviridae family, and are both transmitted by the Aedes species mosquito vectors [5, 6] . CHIKV is an arbovirus belonging to the alphavirus genus of the Togaviridae family [6] . Some arboviruses have been temporally associated with the occurrence of GBS [5] .
A case-control study carried out during the French Polynesia ZIKV outbreak in 2013-2014 was the first to demonstrate an association between ZIKV and a large increase in the incidence of GBS [7] . Subsequently, ZIKV was introduced to South and Central America where excess reports of GBS were also reported in ZIKV-affected areas, and where DENV and CHIKV were already endemic [8, 9] . In Mexico, the first cases of ZIKV were reported in late 2015 [10, 11] . In this study, we assessed whether post-outbreak endemic circulation of ZIKV in Northeastern Mexico was associated with the development of GBS.
Methods

Ethics statement
The Institutional Review Board at the Universidad Autonoma de Nuevo Leon reviewed this protocol and approved it as research. The U.S. Centers for Disease Control and Prevention (CDC) relied on the IRB determination of UANL. All subjects provided written informed consent prior to investigation participation. The investigation was financially supported by CDC. study protocol was approved by the institutional review boards of Universidad de Nuevo León-Hospital Universitario (HU), the Instituto Mexicano del Seguro Social (IMSS), and the Centers for Disease Control and Prevention (CDC) before recruitment of GBS patients and controls. Informed consent was obtained from all GBS patients and control subjects before inclusion in the study. Patients were enrolled from three referral hospitals (emergency department visits or inpatient wards) of Monterrey City metropolitan area.
We identified suspected GBS case-patients based on onset of compatible neurologic symptoms (e.g., flaccid limb weakness, areflexia, cranial nerve palsies) reported by physicians and hospitals to a committee of investigators during the study period. To verify a GBS diagnosis, we performed medical record reviews to ascertain characteristics of the clinical illness and diagnostic testing, including cerebrospinal fluid, neuroimaging, and electro diagnostic test results, if available. Suspected GBS case-patients were classified according to diagnostic certainty of the Brighton Collaboration criteria case definitions for GBS [12] . Case-patients meeting levels 1-3 of diagnostic certainty were classified as confirmed GBS and eligible for enrollment in the investigation.
For each GBS case-patient, we enrolled three controls from the same hospitals seen in the emergency department or inpatient service within seven days of the GBS case with a nonfebrile illness (no report or documentation of fever 48 hours before enrolment) that were matched to case-patients by sex and age ±10 years.
We interviewed all available case-patients and controls to obtain information about demographics, risk factors (age, male sex), and exposures in the two months prior to interview, for controls or to onset of neurological symptoms for the GBS case-patients. Functional outcomes in patients with GBS were assessed based on residual motor deficits using the Hughes GBS Disability Scale. Following the interviews, serum and urine samples were collected from casepatients and controls, to determine exposure to ZIKV, DENV and CHIKV.
Laboratory analysis
Viral RNA detection. Viral RNA was extracted from the serum and urine samples by using the QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany). The Superscript III Platinum OneStep Real Time RT-PCR system (Invitrogen, Carlsbad, CA, USA) was used for RNA amplification to analyze gene expression. PCRs specific for DENV, CHIKV, and ZIKV were performed using the CDC Trioplex Real-time RT-PCR Assay (Trioplex Real-time RT-PCR Assay, method available at http://www.fda.gov/downloads/MedicalDevices/Safety/ EmergencySituations/UCM491592.pdf).
IgM antibodies against ZIKV. IgM antibodies against ZIKV were determined by the use of the InBios ZIKV via an IgM antibody capture enzyme-linked immunosorbent assay (InBios MAC-ELISA; InBios International, Inc., Seattle, WA). InBios ELISA was performed and results interpreted as described by the manufacturer. An immune status ratio (ISR) was determined by dividing the OD of the patient sample with the ZIKV recombinant. ISR values of 1.7 were considered presumptive positive for IgM antibodies to ZIKV.
Statistical analysis
To determine a possible association between GBS and a preceding ZIKV infection, we estimated that 49 case-patients and 147 controls would provide a power of 80% to detect a difference of 20% in ZIKV prevalence, with an alpha level of 5%. Descriptive statistics was used to summarize clinical and demographic data. We conducted analyses assessing potential associations between GBS and demographic characteristics, known GBS risk factors, antecedent illness in the two months prior to hospitalization, and molecular and serological evidence of ZIKV infections. To assess possible differences between GBS case-patients and the matched controls, we calculated matched odds ratios and 95% confidence intervals by conditional maximum likelihood estimation, aside from comparisons for which these calculations did not converge, for which we calculated unconditional maximum likelihood estimates with confidence intervals produced using normal approximation. For comparisons between ZIKV positive and ZIKV negative GBS case-patients, we calculated unconditional maximum likelihood estimates with confidence intervals produced using normal approximation. For comparisons with zero values in any cells (such that odds ratio calculations were not calculable) we assessed differences using Fisher exact p-values (p � 0.05 was considered statistically significant). We considered the presence of one or more of the following three antecedent symptoms-rash, joint pain and/or conjunctivitis-as having "typical" Zika symptoms.
IgM antibody testing was not available to be performed for all GBS case-patients and controls. Therefore, we used two different measures to assess ZIKV status by laboratory testing: 
Results
During the study period, 50 GBS case-patients, and 141 (24 outpatient, 117 hospitalized) controls were enrolled. Demographics of the case-patients and controls as well as prevalence of virus infection is shown in Table 1 . Current infection by arboviruses (supported by the detection of ZIKV, DENV and/or CHIKV qRT-PCR) was not significantly different between groups (Table 1) .
ZIKV was the most commonly detected infection, in 22% each of case-patients and controls (Table 1) . IgM antibody testing for ZIKV was performed for 26 of 50 GBS case-patients (52%) and 113 of 141 controls (80%) ( Table 2) .
The median times between symptom onset and sample collection did not significantly differ by ZIKV status (Table 3 ).
In the two months before their admission, case-patients reported a variety of symptoms, including typical symptoms of ZIKV infection such as rash, joint pain and conjunctivitis (Table 4) .
When comparing the rates of previous illness, case-patients reported typical ZIKV symptoms more frequently than controls (OR: 9.58, 95% CI: 3.16-29.09) ( Table 4 ). Of GBS casepatients, 38.5% had evidence of ZIKV by PCR or IgM, compared to 30.1% of controls (OR: 1.26, 95% CI: 0.45-3.54). Case-patients were more likely than controls to have laboratory evidence of ZIKV infection in conjunction with a history of typical ZIKV symptoms (OR: 12.45, 95% CI: 1.45-106.64) ("symptomatic ZIKV"; Table 5 ).
Of the 16 GBS case-patients with an antecedent typical ZIKV symptom, six (38%) had a positive PCR test for ZIKV; none had a positive PCR test for DENV or CHIKV. For GBS case-patients, seven of 10 (70%) that had laboratory evidence for ZIKV infection by PCR or IgM also had typical ZIKV symptoms compared to two of 16 (13%) of those that tested negative for ZIKV (OR: 16.3, 95% CI: 2.2-121). In comparison, only four of 34 (12%) controls that had tested positive for ZIKV had typical ZIKV symptoms compared to five of 79 (6%) that tested negative for ZIKV (OR: 2.0, 95% CI 0.50-7.9). GBS case-patients with laboratory evidence of ZIKV infection were significantly more likely to have had typical ZIKV symptoms than controls with laboratory evidence of ZIKV infection (OR: 17.5, 95% CI: 3.2-96.6). This association remained statistically significant even in an analysis that included only case-patients with no febrile illnesses within 5 days prior to onset of GBS (OR 9.57 (95% CI: 1.07 to 85.35).
The majority of GBS case-patients-patients had paresis and areflexia, and 22% had facial diplegia (Table 6 ). 
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Overall, there were few clinical differences between GBS patients with laboratory evidence of recent ZIKV infection and those without. Patients with both laboratory evidence of ZIKV infection and at least one antecedent typical ZIKV symptom ("symptomatic ZIKV") reported dyspnea more frequently (43% vs 5%, OR: 13.50, 95% CI: 1.10-165.97 (Table 6 ). Hughes score at nadir was not significantly different between ZIKV+ and ZIKV-GBS case-patients (Table 7) . In total, 48% had complete neurophysiological studies for analysis. These revealed a predominance of AMAN compared to demyelinating subtype (Table 7) . Treatment was initiated with intravenous immunoglobulin in 68% and plasmapheresis in 20% (Table 7) . Mechanical ventilation was required in 12% of patients, and significantly more ZIKV-positive case-patients (diagnosed by PCR and at least one antecedent typical ZIKV symptom) required mechanical ventilation than ZIKV negative case-patients (OR: 13.67, 95% CI: 1.88-99.35). There was one in-hospital death after a long stay in the intensive care unit. 
Zika-associated Guillain-Barré syndrome
Discussion
Our study suggests that symptomatic ZIKV infection (laboratory evidence of ZIKV infection plus one or more typical symptoms) but not asymptomatic ZIKV infection was associated with GBS compared to controls. When we combined laboratory evidence of ZIKV infection and the presence of typical symptoms of ZIKV, there appeared to be more symptomatic ZIKV case-patients in the GBS group than in the control group. Furthermore, this subgroup also showed some subtle differences in their clinical presentation. The only other study in which symptoms and laboratory evidence consistent with a ZIKV illness were combined in order to assess an association of increased ZIKV with increased cases of GBS was one conducted in Brazil after ZIKV was first introduced into that country. The previous study reported no significant association between recent Flavivirus infection (a positive or equivocal IgM test result for ZIKV or DENV) and GBS. However, being a case-patient was significantly associated with evidence of recent Flavivirus infection when combined with clinical criteria for suspected ZIKV disease (rash with at least two other ZIKV-like symptoms). At the time of assessment in that study, unlike the current study, all living GBS case-patients were at least five months out from neurologic symptom onset and the laboratory criteria were based on a recent Flavivirus infection (a positive or equivocal IgM test result for ZIKV or dengue). [13] .
The seminal French-Polynesian study found a strong association between ZIKV and GBS [7] , although similar to other assessments, the authors did not compare the strength of the GBS association with symptomatic ZIKV infection compared to asymptomatic ZIKV infection. Unlike the French Polynesia, Puerto Rico, and New Caledonia studies [7, 14, 15] , our study does not support an association between ZIKV and GBS in Northeastern Mexico when using laboratory evidence of infection alone. However, other studies from Latin American and Asia Pacific do not show a significant association between ZIKV and GBS [16] [17] [18] . Methods and designs of these studies are heterogeneous, with differences in inclusion criteria and laboratory assays.
Other observational studies have also suggested a close association between GBS and ZIKV. In one Dutch study of cases returning from Suriname with ZIKV infection, one out of 18 
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patients (5.5%) developed GBS [19] . Also, in a cross-sectional study of 42 GBS cases in a region of Colombia, 40% had positive PCR and 32% had a positive anti-ZIKV IgM [20] . And yet, other similar reports have yielded contrasting results. For example, a recent report from Thailand, a country endemic for ZIKV, reported 1,417 cases of ZIKV infection but only two (0.14%) cases with concomitant GBS [21] , a rate considerably lower than those previously observed in Polynesia and the Americas. In one early study of a ZIKV-infection outbreak in Yap (Micronesia), it was estimated that 73% of the population over three years of age had been infected (in a population of around 10,000 people), and no cases of GBS were reported [22] . Lastly, in a recent study carried out in the Gulf Mexican state of Veracruz, Mexico, where 28 cases of GBS were described, only two (7.1%) had positive anti-ZIKV IgG and none had positive IgM or PCR in serum [23] . And, although there are numerous case control studies related to Zika virus infections and GBS, our study is unusual and particularly valuable because it highlights differences between symptomatic vs asymptomatic Zika virus infections as they relate to GBS, not just the relationship of Zika virus infection in general to GBS. Observational studies on the association of ZIKV and GBS have many limitations, and selection bias due to non-random selection is a significant issue, as is the loss of follow up and the lack of adjustment for overall ZIKV prevalence in a given region [24] . In this study, we did find a higher prevalence of positive ZIKV PCR compared to studies done in Puerto Rico [14] , and French Polynesia [7] . Systematic reviews and meta-analyses of studies of ZIKV and GBS have been published. In a recent meta-analysis, from a total pooled number of 164,651 ZIKV-infected individuals, 1,513 developed ZIKV-associated GBS, 1.23% (95% CI = 1.17-1.29%) [25] . Another mathematical inference framework study utilizing data from 11 locations that had reported suspect ZIKV and GBS cases (including nine in the Americas), estimated that 2 (95% CI = 0.5-4.5) of reported GBS cases may occur per 10,000 ZIKV-infections [26] .
ZIKV may be associated with particular phenotypic presentations of GBS. ZIKV-associated GBS has been associated with more dysautonomia, facial nerve palsy, and a more rapid onset of clinical GBS signs [27, 28] . Although our numbers are small, we found that dyspnea was more common in symptomatic ZIKV GBS case-patients, and symptomatic ZIKV infection was associated with more frequent need for mechanical ventilation.
This study is subject to several limitations. Using reports of antecedent illness may lead to several sources of bias, such as the non-specific nature of the symptoms, possible underreporting of acute illnesses by controls, and recall bias in reporting of symptoms by case-patients. Although selection of controls with non-febrile illness risks bias toward over-estimation of the significance of the predictive value of Zika-associated symptoms, analyses including only GBS case-patients who had no febrile illness within 5 days prior to onset of GBS were statistically significantly different from the controls. The limited number of subjects who had ZIKV-specific IgM antibodies tested for is another limitation, as is the inability to do serologic testing for DENV and CHIKV. The finding of up to 22% of GBS case-patients and controls having PCR-positivity for ZIKV was admittedly surprising; ordinarily, it would be expected that persons developing GBS would be outside of the time window for continuing to have ZIKV viremia. In the absence of confirmatory ZIKV-specific neutralization assay testing, we cannot say for certain that a certain amount of false-positivity may not have been present in our PCR results. However, the PCR positivity seemed specific for ZIKV; one might expect that if the problem was general false-positivity, one would observe unusually high percentages of DENV and CHIKV positivity as well, which was not the case. In addition, one might expect that false positivity would have been present in both GBS case-patients and controls; rather, the PCR results seemed preferentially present in the GBS case-patients rather than both case-patients and controls. Controls were obtained to account for geographic location, sex, and age, but other factors such as socioeconomic condition were not controlled for and may have affected some of the findings. Finally, given a finding of 44% of case-patients reporting a diarrheal illness, we were unable to test for enteric pathogens, such as Campylobacter jejuni, which may have contributed to the overall burden of GBS in this group. The lack of a commercially available and standardized ELISA test for detecting anti-Campylobacter antibodies made pursuing this diagnosis logistically challenging.
Conclusions
The accumulated evidence suggests a link between ZIKV infection and/or illness and GBS. Our study found a statistically significant association with symptomatic ZIKV but not with asymptomatic ZIKV infection alone. This finding supports a conclusion that the ZIKV association with GBS is stronger with ZIKV illness. Although the incidence of asymptomatic ZIKV is known to be several-fold higher than symptomatic ZIKV, our study suggests that during ZIKV epidemics, increases in GBS will occur primarily among those with antecedent symptomatic ZIKV.
